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METHOD OF CONTROLLING PROLIFERATION AND DIFFERENTIATION 
CELLS SUCH AS STEM AND PROGENITOR CBLLS 



PM J) AND R A nmpfiifHn rm> njvmr^ 

Tte present invention relates to a method of controlling proliferation and 
ojj^tiation of cells such as stem and progenitor cells. More particularly, the present 
invention relate* to a method of imposing proliferation yet restricting differ^onT 
stem and progenitor cells by treating with chelators of transitional metals, resulting ia 
reduction in transitional metals availability. 

Cell dimmnriatiaM^ r Mftffr atf M 

production of blood cells (beniatopoiesis) mv^^^ 
of proliferation and differentiation which ate tightly coupled. In most 
bcmatopofctic cells following division the daughter cells undergo a series of 
P*^^ changes wh^ eventually cuh^ 
finctfcmalbloodee^ 

Thus, the process of differentiation Emits, and eventually halts cell 
°^i»a^nm^ 
cells, cell division may result in progeny which are similar or identical to their 
Parental cells. This type of cell division, Imown as self-xenewai is an hmerent 
Property of stem cells and helps to maintain a small pool of stem cells in their 
n^undirTerentiated state. Some stem cells lose meir self^ei^l edacity and 
follow*^ cell division differentiate into various types of lineage committed 
prcgemtoiswMchi^ Whfle the latter provide the 

fm^onal capacity of the blood cell system, the stem cells are responsible for the 

despite a continuous loss of the more 
differentiated cells through apoptosis (programmed cell death) and/or active 
removal of aging mature eeHs by the reticuloendothelial system. 

As further detailed below, expansion of the stem cell and other defined 
^ho-hemopoietic cell subpopulations by ex vivo culturing could have 
unportant clinical applications. 

A variety of protocols have been suggested and experimented for 
enr^ent of such populations. The main experimental strategies employed 
include incubation of mononuclear cells wife or without selection of CD34-*- (8V 
with different cocktails of early and late growth factors (17); with or without 
serum (7); m stationary cultures, rapid medium exchanged cultures (18) or under 
continuous perfusion (Woreactors) (6); and wife or without established stromal 
ceulayer(I9). 

Although a significant expansion of intermediate and late progenitors was 
often obtained during 7-14 days ex vivo cultures, the magnitude of early 
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5 '^^^^,« Sw * a tr P^-P^to cells, 
In order to achieve maximal er v/w ext^««« » 

** flf rtmrr fa "« // 'W -nirf<trf l rn 

acquired conditions. The latter is rypi^yassMjate^wil* ^t*"*? 0 ' ° r *° n ' 
15 may be caused bv Coono- „™. i associated with mataourishment. It 

following i^Z^T**'*** "* Parentenl »««on <„ 

of Copper) M SE~& Zl^ttl t "*^- 
sylrorne. Unbalanced heahr^TI alT 77? TT * Sh ™»<*-*» 

contractility, SLTSLT' ■*»«*» 

mechanisms and more. metabolism, host defence (immune) 

25 Of particular relevance to this studv is tin few «... >. . 

often associated wim hemato.ogical abnorn^ £ ^,,T ^ fe 
^dmrombocvtepema. Aft me£ pam^^^r^^' 
-^".amrapi^ 
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He mechanism by * cZT^™»« 
tmknown. Among the Xfcfetn^ t^ to " B, "»»* » 

*°SL ftat cells derived fixtm^BM didZtT T°' " haS bwo 
»«ta contaminger^<|efi„w„ 7 colonie8 » aemi-soljd 

"■"umtntg topper defictent serum, but retoed the potential for normal 
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colony growth in Copper containing serum. These results indicate the presence 
of intact progenitors in the patient's BM, and suggest that the block in 
development occurs distal to the progenitor stage (29-30). 

The e ffect tfCwper in c el l ti nesr The effect of Copper was also studied 
in vitro established cell lines (31-34). One such line (HL-60) was derived from a 
patient with acute promydocytic leukemia. These, cells, mat have the 
characteristics of myeloblasts and promyelocytes, can grow indefinitely in 
culture. Upon addition of various agents, such as retinoic acid (RA), to the 
culture medium, the cells undergo differentiation, which results in cells which 
demonstrate some, but not all, features of mature granulocytes. 

The study of Copper status in these cells has shown that although the 
cytosolic Copper content per cell was not significantty different in RA-treated 
cells compared to untreated cells, the Copper content per protein content was 
doubled. This is due to the feet that RA-treated cells lurve abom 
content as compared to their untreated counterpart Using ^Cu, it has been 
shown mat the rate of Copper uptake was significantly fester during the two first 
aVtysofRAtreatment^^ Ihemtra^ajdigt^^^^ 
was found pi^oimnanfly in high molecular weight (MW) Suctions (> 100 kD) 
and a lower MW fiaction of about 20 kD, with a higher proportion of Copper 
present in the high MW fractions in RA-treated cells. 

Addition of excess Copper to rogito serum-supplemented growm medhtm 
modestly increased RA-induced differentiation. Although RA-treated HL-60 
cells do not necessarily represent normal cell development, these results point to 
the possibility that neutrophilic dMereutiation nay require Q>ppw 

In other experiments it has been shown mat HL-60 cefls can be made 
Copper deficient by treatment with Copper chelators, and that following such 
treatment their viability and growm fate were unaffected. 

Although all these phenomena have been attributed to Copper, it has been 
reported that some clinical and biological effects are shared by Copper and other 
transition metals: 

For example, clinical symptoms similar to those observed in Copper- 
deficiency could also be observed following consumption of high levels of Zinc 
(40-42), which has been known to interfere with Copper utilization (e.g., 43). 

In a study 0 f human hepatocellular carcinoma it was found mat the 
concentrations of both Copper and Zinc in the tumor tissue decreased with the 



In another study it was shown that addition of Copper, Zinc and Ferrum to 
primary cultures of rat hepatocytes induced cell replication and formation of 



(40; the meMloMonL Jj££ ^ SU,Wradde -S™^ 

associates with the ras-OTw *<*hl*. . protem whf< * 

amin<Widase(53). A ** bOT,ae '<** leucine 

' "'^•"^^"rffterelysti^^ 

summary op twr noaa^^ 

According to the present invention there is OTOviH ^ 
control proton and dirWtiation of as^ ' "f - ° f 

either iavivo or a vfw>. ^ M ^ ™* progenitor cells 

■According » further feature, m 

<*»prisiagaestepof pr^di^^cd^m^L , ^ *° ^ 
^ a* fte same time, for Bii."!^ ™"f d,,1 °>» cell prohferadon 

As.re^,^^; f rit^r^^ 

prolifewioa of a* cells in accelerated ** d,Me « 

A ec ^tostfflftt1berftatu^^ 
cells are * where to conditions teS »E£S^ emb ° <te «"> 
P~vi<bd, whereas reducing capacity JtoZZ *^ ™™ 



WO 99/40783 

PCT/US99/02664 

cells with nutrients and wilh calottes Ptohferatton include providing die 

colony sSZfiZ - „f 

* eryunopoieT ^ 8ra,ml00 ^^ 

«Hs end oHgcdcntnocyte JTSSSS ° f J"**^ °cus, neuml 

and committed progenitor cells COn8 ^ of,1 <»-*ffeie n tiated stem cells 

s comprising to^off,?^!^ ° f ^^^ tra »»lto^ 
(b)U^^«I^2^tl^ 10 * from . 

*. «me toe, for Ucing a^^of ^ Prolife^ad0,, «"* « 

g capacity ofme cells m atmzing transition metals, 
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22?' «7 UlUi " "M» « *e W time, mhfciting 

tMfemntiation of Ike cells; and (c) (naqtoaog fte cdu to , p, ti ^P 

Ihedont^T. <W,Wfettures4 ' «» *»°>**P«f«*l embodiment, 
tile donor and the patient are a single individual. 

obtaining the hemopoietic cells is font a source selected item tnT^T 
According to still further features m die described oreferrt*. J 
> Acc ^ to S uTlfurfterfeataM^ 

. ^conBng to further feunres m prefirod embodhwnts of the mventia. 
described below, there is provided . meAod of trauatacmg stem ceL ^U 

provKhng fte cells « * with condition, for cell preHftmtiou a^fctl 

mducmg . capacity of the cells in utiffcing 
expanding a population of the cells, while at the nam. «„ ■ 

According to stiU further features in the descnT^ nrefe-d Ltvvtw .. 
tan^gisetfeotedbyaretivvrr^includinguieex^ 

describeTbeW *J?Z 

oeseroed below, there is pronded a method of adoptive imnmnothemmr 

W^VKhng thecens ex vivo win, conditions for coll proKfeutio,, audfauhe 
"metime, for reducmg a capacity of the cells in utilizing transition n*tT 

dUferentiation of the cells; and (c) transplanting the cells to the patient 

_Accmdin g to featurea in preferred embodiment, of me mveotion 
described below, them is provided a method of nmbUiaufon of bone 12™ 
*tem cells imo the peripheral Mood of a donor for harvesting me JZ^T 
*. ** of (a) admimstering to to donor a. agent J£Z££ZZ 
>* , . , utitag hundtion metals, thereby ending a population 7Z J£ 
whUe at me same time, inhibiting differentiation of the stem oells-td ^ 
harvesting the cells by leukapheresis. *em cells, and (b) 

the * m **** featUtCa k 46 P»f»«" ^bodbnents 

fl» meftod further comprising fte step of admmistering me donoTa m^e 

e*. a. earty acting cytokine, such as, but not limited to, stem coll factoT j^' 
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agent far reducing a capacity of th* i„ Li- . g «> me patient an 

production of fetal hemoglobin. * resuItm & in elevated 

According to another embodiment of the imuW - ... 

«em wfo collection lam m™*.™ a ^ mvenoon *■» «* provided 
mm«JZ. ^ "•■•—«■ meW chehdor, which hddbta 
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"» present invention successfully abbesses the «w • 
Presently known vrfgu** „ p^T^L^ ^rtconm.g, 0 f the 
tre.ay%^ roifl ^ OT ^^^^P^^ eens, yet 



lOngfctl, IL-« . lea-Mi wi ^n*ZZ. W " 5 " 8 * n ^ SC* " 

day7,. IiqU o te of 0 ^^"^* fl 7« eo ««'«ionsoflH. A . On 

to^»texperim««ts TOpI eset^ ,4da5,! - R ^«^o 

On day 7, the welb we«^ ew 'S b W, ' ,, " I* 9 "* ° f ^ »>MM)- 

with or wS eoS oll^l 0 "^ ■ 10n ^ ^ " ™S 

21, the eultoies were demi-dee«™i. JT , A ' 0,1 ^ M snd 

vohnne end fleeing itZt^ " ™T " ° f Wte 

eells were eloned io^,hTL *2? to 1 * "> 3 

fl» liquid eutane and of ^,0^1^ ^ ^"^ofcelb^in 

the presence of: FL - SOngfatf SCF - SOnaZi ^ Culture 111 

S^nj, J>CF - SQogfaj and thrombopoietin (TPO) - 
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5 medium. tZJZ^^£%^™'^ 

Onm^dG^ ^J^™;^ wfth May- 

FTG 7 d,™, uT-L • obxm; 6c and 6d x 1485. 

Pericfflamfae (PB^. J ^Vfato^ Oal y TS ^ ? '° *" " 

«*-•■ * bT,^, ^ toL SLtZT; Mmi - !0lid 

«a »m^ ^HiSr 0,1 ** *"*" b **— - - 

— m i^jss^a 

; »M* to , x 103 Z^£ZZ2ZP ""f* *"* "* 

Colom« wore scored after 14 days ^ ^"""M "»«■. 

presence 0 fFL-l Oa^W ^fJT fa MM cutares fa to 
either with or wi^^ i 0 ^^i^ ^ ' "» d 

oira senuto 5mM or mm^tunMed troutferrfa 03 
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. equivalen, to 1 x 103 *™ OT On day 7, aliquot* 

wcBs^atoMdaj* P ffl ^ MHd,n ^- Colonies 

FIGs. 11m stow the effect if tbbi » i 
«> Cultures were initiated wja, ,TLZ,^. ^ CD J< culture. 

«*) «d IL-3 (20^) with OT J^*^^ ^ (SOngfctl 
the cultures were demkfcoooni^i u ( ^ At wee tly intervals, 

» *** counted and assayed for colony iJ^tfc^fT ^ 
«*d medium. CTOc frequency waseafaZLtT . } by Clomn * m «■"- 
ofceUs. C^ofpu^d^Ilnf^r°™ teofOT °P OTn "^ 

SOng/tnl, with or without TEPA nn.,iLr, ^ FLT, 11-6), each at 

^emeutedwim eifer^a^^Zrs^^ Were 
At weekly mtervab, me •aJ^SZE^E 0 7 " , "* , '' t 

««—. .2), assayed nf ck^T^T^ ^ — 

«G. 15 shows the effect of G-r<w r,/ 

control and TEPA-suppfementeda^i^tqres ^j^^ 

wore ouHured as detailed iu Figures 11 ^f*™ 1 ^ call, 

and TBPA cultures were anoni™ !fft ^T. !"* ** ° f te — " 
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GD34 cells were cultured as detailed in figures- 11** At weekly intervals, me 
cultures were demi^epopulated and supplemented with fresh medium, cytokines 
and TEPA. At weekly intervals, half of the culture content (cells and 
supernatant) was removed and replaced by fresh mecKum, cytokines with or 
without TEPA (partial change). Alternatively, the whole content of the culture 
was harvested, centrifuged, the supernatant and half of the cells discarded and the 
reiiiainmg cells recultured m n^ 

^mptae change). At the indicated weeks the number of cells (Figure 16) and 
CFUc (Figure 17) were determined. 

a .J^**^*^*'™*"^*****^ Cordblood- 
denved CD34 cells were cultured as detailed in Figures lla-c. At weeks 1,2 and 
3,0)34 cells were enumerated by flow cytometry. * denotes that no colonies 
developed. 

. FIG. 19 shows the effect of delayed addition of TEPA on CFUc 
„* D ~L C0td cells were cultured as detailed in Figures 

Ma-a TEPA (lOpl^ was added at me ini^^ 11*6 Am 

later. At weekly intervals, the cultures were demi-depopulated and supplemented 
with fresh medium, cytokines and TEPA. At weeks 3, 4 and 5, cells were 
counted, assayed for CFUc and the CFUc frequency was calculated. 

FIG. 20 show the effect of short-teim premcubation wim a single cyto^ 
on long-term CFUc production. Cord blood-derived CD34 cells were cultured as 
detetfed m Figures lla-c. Cultures were supplemented on day 1 with or without 
TEPA (10 pM) and with SCF, FLT3, H.6, (SOngAnl each) and IL-3 (20ngAnl) 
Alternauvely, cultures were supplemented on day 1 with TEPA (10 pM) and 
FU3 (50 ng/ml) as a single cytokine. SCF, IL-6 (50ng/ml each) and IL-3 
(20ng/ml) were added to these cultures at day2. At weekly intervals, the cultures 
were demi-depopulated and supplemented with fresh medium, cytokines and 
TEPA. At the indicated weeks cells were assayed for CFUc. 

FIGs. 21a-b show the effect of polyamine chelatmg agents on CD34 ceU 
cultures. Cord blood-derived CD34 cells were cultured as detafled in Figures 
lla-c. The polyamine chelating agents tetraethylenepentamine (TEPA) penta 
^enehexarmne (PEHA), emylenediamine (EDA) or trietoylene-tetramine 
(TETA) were added, at different concentrations. At weekly intervals, the cultures 
were demi-depopulated and supplemented with fresh medium, cytokines and 
chelators. At weeks 3, 4, 6 and 7, cells were counted and assayed for CFUc The 
results presented are for concentrations with optimal activity: TEPA - 40 uM 
PEHA.40pMEDA-20pJKandTBTA-20uM. 
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cen J2" ^ ! h0Wthe ■** ofteBn8Won *»* chelating agenteonCD,. 
ceflcultoes. Card WoodKieriwdGI^ cells were a^asl^^f 034 

.»£ lb. chelate. Captopril (CAP), Pe^cila^eT^ ^ f ^ 

a^at^t concent. At weekly intervals, ELl^* 

me weea 4, 3 and 7, cells were counted and assayed for CPllr. tw , 

added, a. differ coBoentrali™,, on day I. At 1 \ ™ 

ax me weeks 4, 5 and 7, cells were counted and assayed for CFUc 

^ * ^ . 1 811(1 4 » ^ were assayed for CFTTo * 

denotes that no colonies developed. OTc ' 

nESCR gnON OF TfTF P-REEERmiEMBODIMENIS 

tomtion metals, Copper in parted. ™wuymg me avadabimy of 

The prmciples end operation of a method «»™»r«™ . „■. 
•nvention may be better .mderatood ^ZtTTZ Jl'"™*, 
•ct^ymgdeacrrpttomattd e^lea. 
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Before explaining at least one emfoximieitt of foe m 
to be understood that the invention is not limited m its af^Hcation to Aedetaflg of 
coiistrtiction and the arrangement of the components set forth in the following 
description or illustrated in the drawings. The invention is capable of other 
^bodimentsorofb^^ Also.itisto 
be understood that the phraseology and terminology employed herein is for the 
purpose of descrhnfon and should not be regarded as limiting. 

In the course of the present study it was found that a series of chemical 
agents that bind (chelate) Copper and other transition metals, or that interfere 
with Copper metabolism can reversibly inhibit (delay) the process of 
differentiation of stem cells as well as intermediate and late progenitor cells and 
. thereby stimulate and prolong the phase of active cell proliferation. 

This newly discovered effect of transition metal depletion was utilized for 
maximizing the ex vivo expansion of various types of hemopoietic cells. Such ex 
vivo expanded cells can be applied in several clinical situations. The following 
lists few. 

Hemopoietic cell transplant at ion- Transplantation of hemopoietic cells 
has become the treatment of choice for a variety of inherited or maHgnant 
diseases. While early transplantation procedures utilized me eimre bone marrow 
(BM) population, recently, more defined populations, enriched for stem cells 
(CD34+ cells) have been used (1). 

In addition to the marrow, such cells could be derived fiom other sources 
such as peripheral blood (PB) and neonatal umbilical cord blood (CB) (2). 
Compared to BM, transplantation with PB cells shortens the period of 
pancytopenia and reduces the risks of infection and bleeding (3-5). 

An additional advantage of using PB for transplantation is its accessibility. 
The limiting footer for PB transplantation is the low number of circulating 
pluripoteht stem/progenitor cells. 

To obtain enough PB-derived stem cells for transplantation, these cells are 
"harvested" by repeated ieukapheresis following their mobilization fiom the 
marrow into foe circulation by treatment with chemotherapy and cytokines (3-4). 
Such treatment is obviously not suitable for normal donors. 

The use of ex vivo expended stem cells for transplantation has the 
following advantages (2, 6-7). 

It reduces the volume of blood required for reconstitution of an adult 
hemopoietic system and may obviate the need for mobilization and Ieukapheresis 
(3). 
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It enables storage of small number nfpn 
future use. number of PB or CB stem cells for potential 

■ ^w.SSiT 8 ^^ceOswOl 

disease. F «" serang for reducmg graft-vereus-host 

10 Clinical studies have indicated thai tnm«,w * * 

patients treated ^ high doses of ohemJL. ,^ hemopoiesis fa 
these cultured cells (3-4). long terra in two hemopoietic capabilities of 

15 For success*! tntnspfaatation, shortening of the durati™ nf «. 

»at er vivo expanded cells win incteT °, ^ P °" ant - 
» a^renti^ed progenftor, fa o^o^I^ * — 
^onofhenropoiesis. B^JS^^T' - '«* — 
especially those committed to the netift^Mtl T Prosenitor cells, 

Such cultures may be usefhl nnt ™i, • Pwpose (»;. 

- ^ *hdCr ^ir^*^ fa 

■ S? — — «~o-~ 

•hereof for ^ defects. A^!^^'™"" ™" i """^ 
«*ryomc cells mvcjve. i^cT^ ™ y of 

very scarce, such cells should undento cell „T H <"w»«r. being 
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cycling progenitor* and precursors, the stem cells constta^ 

of the cell population and most of them are in a quiescent, non-cycling state 

Viral-based (e.£, retroviral) vectors require active cell division for 
'^^^tohostsnome. F OT ^ reason gene transfer 
• mto fresh BM stem cells is very inefficient The ab^ty to e^d a purified 
population of stem cells and to regulate their cell division ex vivo would permit 
mcreasedprobabffityof^^ 

Adoptive Timmmothe r flpy- Ex vfi*-expmded, defined lymphoid 
anovulations have been studied and used for adoptive immunotheiX of 
various malignancies, immunodeficiency, viral and genetic diseases (10-12) 

The treatment enhances the reaped immune response or replaces 
deficient functions. This approach was pioneered clinically by Rosenberg* al 
(13) using a large number of autologous ex vivo expanded non-specific killer T 
cells, and subsequently exvivo expanded specific tumor mfiltratmg lynmhocytes 

Itwas also shown that functionally active aimgern-presentii^ cells can 
grown from a starting population of CD34+ *B cells in cytokine-supported 
cultures These ceDs can present soluble protein antigens to autologous TcSsI 
£l f? new prospects for the immitnoteapy of mJnirnal residual 

ose chemotherapy. Exvivo expansion of antigen^enting 
dendrrtic cells was also studied (14,16). ^ 8 

^ ^ fflganaion of non-h™n™,>ri«, ^ prP r-nitnr r. lli, For 
example, ex vivo expansion of neural stem cells or oligodendrocyte progenitors 

Myelin disorders form an nnportant group of human neurological diseases 
thatare asyetmcurable. Progress in animal models, m^mtmsplmUng 
cells of the ohgodejidrocyte lineage, has resulted in significant focal 
remyelmauon and physiological evidence of restoration of function (3Q. Future 
therapies could involve both transplantotion and promotion of endogenous re^ 
Xnor^sT aPPr ° aCheS ^ W C ° mbined ^ ** ^° ^«on ofthe 

wh- * U It N °' 5 > 486 & 9 **** ^sohted human mesenchymal stem cells 
which can mfferentiate into more than one tissue type (e.g. bone, ^lage 

ZtZ Z° W ^ 8 meth ° d f ° r -d cultural 

expanding human mesenchymal stem cells. 

HK-J^ No 5,736,396 teaches method, for in Wfro or a* vtvo 
ttaected mdncho. of .solated, cofare expanded human mesenchymal stem «L 
comprwg the steps of contacting me mesenchimal stem cells with abioaotive 
fector eflecve to induce differentiate thereof into a lineage of choice ^ 
dictated is a memod which also inotade, .deducing such cutorally expanded 
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lme^-mduced meseafcymal stem cells into a host from which they have 
ongmatedfbrpiiipo^^^ 

US. Pat No. 4,642,120 teaches compositions for repairing defects of 
cartfoge and bones. These are provio^d m ge! form either as such, or embedded 
• in natural or artificial bones. The gel comprises certain types of cells. These may 
be committed embryonal chondocytes or any kind of mesenchyme originated 

£^ST!Z* be COnmted 10 cartHa Se cells, generally lyZ 
mftience of chondrogenic inducing factors, in combination with fibrinogen, 
antnprotease and thrombin. gen> 

U S. Pat No. 5,654,186 teaches mat blood-borne mesenchymal cells 
proliferate m culture, and in vivo, as demonstrated in animal models, are capable 
ot migrating mto wound sites from the blood to form skin. 

U.S Pat No.. 5,716,411 teaches to a method of skin regeneration of a 
wound or burn in an animal or human. 1ms method comprises the steps -of 

^roTnfe^ 

mnmanon ot the grafted GC matrix by mesenchymal cells and blood vessels 
from heakny underlymg tissue and applying a cultured epithelial autograft sheet 
grown from epidermal cells taken ^m me animal or human at a woundL she 
on the animal's or human's body surface. The resulting graft has excellent take 
rates and has the appearance, growth, maturation and differentiation of normal 

U t 5,716,616 te3CheS me ^ of treating patients who are 

suffering from a disease, disorder or condition characterized by a bone cartilage 
orlungdefects The methods comprising the step of mtravenous admh^tration 
of stromal cells isolated from normal syngeneic mdrviduals or intravenous 
administration of stromal cells isolated from the patient subsequent to correction 
of me genetic defect in the isolated cells. Methods of mtroducing genes into a 
recipient ^dividual are also disclosed The methods comprise the steps of 
obtaining a bone marrow sample from either the recipient individual or a matched 
syngeneic donor, isolating adherent cells from the sample, transfecting the 
adherent cells that were isolated from the recipient or a matched syngeneic donor 
wrth a gene and administering the transfected adherent cells to the recipient 
mdmdual mtravenoushy. Compositions mat comprise isolated stromal cells that 
include exogenous genes operably linked to regulatory sequences are disclosed. 

In each of the above examples, non-hemopoietic stem and progenitor cells 
are used as an external source of cells for replenishing missing or damaged cells 

ST ! Igan ^ Such me <*» e *P**i<>n I 3 ** to differentiation in order to 

first obtain the required cell mass. It is in this step where the method of the 
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present : invention can become highly effective and useful while inmlementimr 

any oftne melliodadisclosed in the above US. patents. 

■• Actional mrnplrs for both er s ^ I , % fl Tf ii r[rtini¥ 

regeneration, hepatic regeneration, muscle regeneration and bone growth in 

osteoporosis. 

v ' , MQ ^timi of hone marrow stem cells into thr h 1fTTTft 
(P^her a li yaf ion) ' The discovery of the effect of transition metal chelators 
could also be applied in vivo. As mentioned above, PB-Asrived stem celk for 
tran^lantotion are ••harvested" by repeated leukapheresis following their 
mobteion from the marrow into the circulation by treatment with 
chemotherapy and cytokines (3-4). 

AA^J^ ™* ° f ch ^ mothera Py * not suitable for normal donors 

Adnnmstratoon of transition metal chelators, such as TEPA, into the donor could 
mcrease the marrow stem cellpool, which is then mobilized into the periphery by 
endogenous or injected G-CSF. ■ y 7 7 

Ijs&mmL Unlike normal hematopoiesis, in leukemia, me processes of 
proliferation and differentiation are uncoupled; the malignant cells are unable to 
differentiate and consequently mamtam contiimous proliferated ab^ 

Understanding of the molecular events driving the uncoupling of the 
r^bferation and ^ differentiation processes of normal progenitors Mowing 
transition metals depletion, in particular Copper, may shed light on the cellular 
processes involved in the devel()pment of leukemic 

u _ Sf'^tioti of fftal hemofrlfthin prodtir fi m- Increased fetal hemoglobin 
has been shown to ameliorate the clinical symptoms in patients with 6. 
hemoglobmopathies such as sickle cell anenua and p-thalassemia (38). 

Fetal hemoglobin, which normally comprises about 1 % of the total 

^ e °t^ be ^^T ed in ^ryu^poiesis (e.g., Mowing 

acute hemolysis or hemorrhage or a<taiinistration of eryfcropoietin) (35) 

It has been suggested that this pnenomeiion is assodatrf 
of fcematurauon^^ of m erymmidprecursora (37) 

AAmnistration of transition metal chelators such as TBPA to patients with 
P-hemoglobmopathies might fiist mcrease and synchronize their early erymroid 
progemtorppol(byblockmgdmrentiatioo). Y^moia 

Following cessation of adniinistration of me dmg audits remov 
body, this early population then might undergo accelerated maturation which may 
result m elevated production of fetal hemoglobin. 

Thus, according to the present invention there is provided a method of 
expanding a population of cells, while at the same time »mng differentiation 
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of the cells. The method includes the step of providing the cells with conditions 
for cell proliferation and, at the same time, reducing a capacity of the cells in 
utilizing transition metals, such as Copper. 

Reducing the capacity of the cells in utilizing transition metals may be 
effected, for example, either by depletion thereof (e.g., via suitable chelators) or 
by interference in their metabolism (e.g., via addition of Zine ions). 

As used herein the term •Mimftitmg" refers to slowing, decreasing, 
delaying, preventing or abolishing. 

As used herein the term Werrauation" refers to change from relatively 
generalized to specialized kinds (luring development Cell differentiation of 
various cell lineages is a well documented process and requires no former 
description herein. 

According to a preferred embodiment of the present invention the cells to 
be expanded are present in vivo. In tins case the conditions for cell proliferation 
are naturally provided. Whereas, reducing the capacity of the cells in utilizing 
transition metals, such as, but not limited to, Copper is effected by admiiustering 
a transition metal, e.g., Copper, chelator, Zinc ions, or both. 

Administration of me transition metal chelator and/or Ziocions may be by 
a pharmaceutical composition including same, which may farmer include 
thickeners, carriers, buffers, diluents, surface active agents, preservatives, and the 
like, all as well known in the art. 

The pharmaceutical composition may be administered in either one or 
more of ways depending on whether local or systemic treatment is of choice, and 
on the area to be treated. Administration may be done topically (mclwhng 
cphtahnicany, vaginally, rectally, mtranasally), orally, by inhalation, or 
parenterally, for example by intravenous drip or intraperitoneal, subcutaneous, 
intramuscular or intravenous injection. 

Formulations for topical ariministratiOn may inclute bm are not limited to 
lotions, ointments, gels, creams, suppositories, drops, liquids, sprays and 
powders. Conventional pharmaceutical carriers, aqueous, powder or oily bases, 
thickeners and the like'may be necessary or desirable. 

Compositions for oral administration include powders or granules, 
suspensions or solutions in water or non-aqueous media, sachets, capsules or 
tablets. Thickeners, diluents, flavorings, dispersing aids, emulsifiers or binders 
may be desirable. 

Formulations for parenteral administration may include but are not limited 
to sterile sorouons winch may also contain buffers, diluents and other suitable 
additives. 
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T 1 *^ ,I «P ™y 1» advatfageoto fa •»* fHl)- | 0B1 

cells to be expanded are present ex vivo. 

As used hereto the tern, "„ n&a to ^ ft,. , ^ 

hemm, the term -« Wer> does no, refer to cells known JjJZ 
only « varo, such a s various cell ltoes (e*. HL^O, HeLa, etc ) 

Final coneerttaliOTi rf the chelator m d/or Zinc tons may be den««fe. 
on the specific appBcation, ^11.-1-1^,^^0^^^*27 

mHmorcpte^lywifttoabomSMMtoabout^OinM.- ^ 

Ac^Stoa^fenrfembodtoertoftheto^^ 
^-cN-tag ageot, such aa, but not touted to ethy.eXL 
d^euemanuue, trie^euetetmutoe, triethyLediS 

^^^ ^r^ 

e^topril or pemctomine, nJ^J^ 

-tw-wp* ^*mZ32£ 

motif. ^<*«ve listed cheiatomamtaotramtlteirmgb^^ 

~ However, these chetoom have a substeuti* m£ZZZ£Z 

transitioii metals (39). The latter is incorporated by reference aa if iuUy^set forth 

. j^^^o^pmf^em^ 

ac tog cytokines, such as, but not limited to, stem ceD ficWFu^ 
mmrtato^ ttamnbopoieto and mtedeukin-3, and/or t? ^ 

'IK. r V* n0 ,' to ' 8HMUlo ^ B «** «im«ladng 
granulocvteAmcro„h»« colony stimulating factor and erythrOKuetin 
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l^J»H» be of any cell linage mehdmg, ,m, not „ 

» . >*l><^onthe,ppBcau^ 

■""^.PenpuenabM 
• Preferably, Ihe han.Mopoie.ic cells are enriched for hemopoietic CD*.+ 

> cell sortmg, as well known in ihe art "ucweo oy 

Stem com are toolX 

m»y cen Imeagea. The* cells are charactered by being toJZ 

^gcntoceJ.s.onti^o^tad.tZ 
^sted, as they are ahead, committed „ a differentiation pafoX^ 

Fmjher according to tte present invention ttere ie provided a method of 
heme^enc cell, tr^bntefion. lie mettod inchtdes to 2£E£* 
f^^oceUsrobetramplante^ 

>«* ^provided « % whh conditio for cell proliferation £ a^ame 
;*me, reducmg a capacity of the cells in utilizing trihsition m«£ <wt 
P^mhn, fa^ ^p*, a populati™ .f to eeHs, while « 
mUtatag drfTerentrabon of the cells. Fhuuly, to cells are transplanted 7 a 
patient In a case of an autologous transplantation me donor and mepatient 1 . 
'-tft-dMH. Th.ce.ls may be obteinedfiom peripheral btoAbC^row 

fwprogenitorcells(e.g.,byeellsortmg). 

LJ^JT*** to W 68 *"' "tvention mere is provided a memod of 

stem cells With an arogene 

obtaraed Second, the cells are provided ex vivo with conditions for cell 
^htobonand, «, me same time, for reducing a capacity of me cellst 
b^tionmemh. Copper in particnlar, thereby emending .. population ofme 
ee Ms, while at me same time, inhibiting daierentiation of to «fc TnW to 

cells are transduced with tux-, t a. ^ . . ™* u > "* 

to «« mm tte exogene. Transduction methods are well known in 

the art and require no former description herein. Samples of transduoS™ 
protocol. are found in many laboratory manuals I^SZ^TSSZ 
T - ■«> M <"«* Cloning. A Labor4 Z&£S 
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vector including the exogene. 

P*ovtded a m» wA c™di fiOT , for cell proliferation aod, * the same fc 

*^pa»dmg « pp^ .i, JSUSSS 

Aflfe^on of the cells. Rnalfy^awcensaw ton^IaMedimofteMtieot 

p "f C0Bfi, W to J*"** taventkm there fa ^vided a method of 

.^^ecens. Themetoodtocmdesmefono^gsteps. F^WdoJfa 

'7* ' « «««* &r reducing a capachy of the oells to 
■SmSlT?' ^ m PWiCU,ar ' « PoNatioa of seem 

the cells are harvested by lenkapheresi, Administering the donor a S 
.ady and/or late acdng cytokine) fa Jmesmd to 
•gent ,s preferably a transition metal chelator sadVorZhlcions. 
_ ftwher accord^ to thepresen, mention *«e fa pmtfded a method of 
deceleratag matoration/diffeenutmon of erythroid precursor cells for tte 
Of ^hemoglobmopathio podents. The method includes the step of 
**rr""* * ** ■ «*«* te wdocmg a capacity of the cZ fa 

of stm c«Us, whde a, the same time, inhibiting affirmation of me stTcT 

r ^.?.*" rcd "-W"*"- ^ WO- mchnfa, « Wife 

ta-ta .metals, Copper to particular, thereby expanding a poputaionTme 
^.wtoletrtfesan^toe.fato^ittogdiffi^dooof thecal 

above ££2!!* i r" dtfc "" foa °™ g """P 1 ^ whfck ^aher with the 
abwedesci^tas.tnWemetovendontoaitonlimntogft^^ 
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EXAMPLE 1 

Experimental Procedures 
C& 34 cells itete rtlt mi Peripheral blood "buffy coat" cells derived fam a 
s IS hIS - PeripheraI b|00d 06,18 0btained lowing leukapheresis, or 
Stt5f ^ ^ %ered 0n FMH W» (^ty 1.077 gtal) and 
centnfug^ The interphase layer of 

"clear cells were conected, washed tlm« tnnes ^ Ca^g fi^ phosphate 
buffered salme containing 1 % bovine serum albumin (BSA). The celbwere 
mcubatedfor30mm.at4ocw^ 

*Ufi mononuclear cells) and thereafter isolated using the imniMACSapparat^ 
Si Gennany) to mamZZ^ 

ruto proc edu r es For the expansion of progenitor cells, CD34+ 
enriched fracdons or unsepamted nnmonuclear ceils were seeded at abouTl- 
3x104 cells/ml m e,ther alpha minimal essential medium containing 10 % 
preselected fetal calf serum (PCS) (both from GffiCO, Grand Island, NY) or 
medium (Pmgemtor-34 medium, Life Technologies, Grand Island, 
NY). The mexha were supplemented with a mixture of growth factors and 
+m*m imetal chelators. Thecuhures ^h^XWCmm*^^ 

*l t " airWItheXtra *e medium was changed weekly 

with fresh medium containing all the supplements. 

Conine poten tia l nafuafi w ' The cloning potential of cells developed 
m the hquid culture was assayed, at different intervals, in semi-solid medium 

■SJj^TJSf ***** ™* ^ fectors (SCF, G-CSF, 

GM-CSF and EPO). Following 2 weeks incubation, me cultures were scored 

myeloid, and megakaryocytic, according to meir cellular (toirtoosition. 

Morphologic a l a m m m e n t i In order to characterize the resultmg culture 
poptuations, ahquots of cells were deposited on a glasa slide (cytocentrifoge, 
Shandon, Runcorn, UK), fixed and stained in May-Grunwald Giemsa. Other" 
ahquots were stained by benzidine for mtracellular hemoglobin. 

Immma rnQmcenoe, s tai n i ng ? At different intervals, cells fiom the 

dlTpn!^ 1Ce .^ I?ITC - labeled - CD45 monoclonal antibody and 
either PB-labeled ant, CD34 (HPCA-2) monoclonal antibody or PE-hLled 
control mouse Ig. After incubation, red cells were rysed with lysing solution 
wmie the remaming cells were wasli ' 
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cytftmefty; Cells were analyzed and sorted using FACStarPte* flow 
cytameter (Becton-Diclcinson, Immunofluorometry systems, Mountain View 
CA). Cells were passed at a rate of 1,000 cells/second tmxmgh a 70 mm nozzle,' 
using saline as the sheath fluid. A 48 8 nm argon laser beam at 250 mW served as 
meh'gnt soim»f OT e»^on. Green (FITCMerrired) fluorescence w 
using a 530±30 nm band-pass filter and red (PB-derive^ 
575*26 nm band filter. The PMTs was set at me appropriate voltage. 
Logarithmic amplification was applied for measurements of fluorescence and 
Hnearaiimlification-^ At least 104 cells were analyzed. 

EXAMPLE 2 

Experimental Results 

manefibrt to develop culture conditions wMchstnnmate proliferation and 
mhibit differentiation of hemopoietic progenitor cells, CD34+ cells were cultured 
with the following supplements: 

Transition metal chelators such as - tetraemylpentatoirie (TBPA), captopril 
(CAP) penicilamine (PEN) or other chelators or ions such as Zinc which 
interfere with transition metal metabolism; 

Early-acting cytokines - stem cell factor (SCF), FLT3 ligand (FL) 
mterieukin-6 (IL-6), thrombopoietin (TPO)andmterieukin-3 (IL-3); 

Late-acting cytokines - granulocyte colony stimulating factor (G-CSF) 
granulocyte/niacrophage colony stimulating fector (GM-CSF) and erythropoietin' 
(EPO). 

TBPA efferts on pramra ti on and clonah ttip nf sh r rt tfrm ^ ^ 
adtetesi Addition of TEPA to CD34+ cells cultured with low doses of early- 
acting cytokines resulted in a significant increase in total cell number, in the 
number of CD34+ cells (measured by flow cytometry utilizing fluorescence 
labeled specific antibodies, Figure 2) and in cell cionabuny (measured by plating 
culture aliquots in semi-solid medium and scoring colonies mat develop two 
weeks later, Figure 1), compared to cutanea supplemented only with cytokines. 
The colonies which developed in semi-solid medium in the presence of TEPA 




The effects of TEPA were further assessed in cultures supplemented wim 
either high doses of early cytokines (Table 1) or wim a combination of early- and 
late-acting cytokines (Figure 3). The results indicated that TEPA significantly 
increased the clonability and the percentage of CD34+ cells in these cultures As 
for total cell number it was increased by TEPA in cultures supplemented with 
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^1^^?^ '*2r"* 1 " ton " *«*"«■ with bo* 

3). 



a 



TABLE! 

fite short-term effect ofTEPA on CD34 cells 



TEPA 


D-3 


Cells/ml 
(xlO*) 


CD34celIi 
(%) 


Colonies 
(Pct1x103 
initiating cells) 


CPU ~~ 

expansion 

(fold) 






1 


1 


16 


0.3 


+ 




2 


11.5 


140 


2.8 




+ 


5 


5 


165 


3 -3 


+ 


+ 


11 


20 


850 j 


17 



Cord blood-derived CD34 cells were plated in liquid eulture in the. 
pnseoee oflFL - SOngflm, SCF - SOngAnl, ^ . jOngfod, wIor^utLt 
.'2t* r",^ 0 " ^ - 10 ^ 04 7, fte percent^ of C*4 

2L ^ <toem,iMi AUqU0 * S equivalent re 

tnraahng cells were assayed on days 0 and 7 for colony forming eells (CPU) bv 
donreg msern^bdmedium. CPU expansion represents I J%»* 
presentonday7toCFUpresentondayO. 

tutor™ 1 ? ^T "". " m ff frm rfl "' • >»< < <*»><*m *Uw dm*-CB3jt 
C f uteSL cultures were maintained for 3-5 weeks by weddv^ 

depopulation (one half of the eultnre volume was removed andreplaeed by flesh 
*+mm* oytekm„). Addmon of »A resulted in a high^ Z2Jt 
tag-tom oulmres^plementeri with either early cytokines (Ftgure 4) oTboth 

^ 3)> oittnpared to cultures supp.emeL oJy 

A^^Wsmcultu^tl^wMashupdec^ 
culture, .supplemented only with cytokines, whereas cutares Seated with TBPA 

ZZXrT. ft Ugb clonability, which » ,™ 

higher than that of short-term cultures. 

ofTEPA on the maturation of hematopoietic cells was tested on several mc^lT 



t ' 

; 
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Mougfe giyflimt^ikeimo osmjm* MEL cells are erytiiroblast like 
cefls. FoUowmg treated 

cells undergo erytfaroid differentiatioii and accumulate hemoglobin. MEL cells 
^Jtoedm me presence of me differentiation inducer hexamethylene 
bisacetamide (HMBA) and me chelators TEPA or CaptopriL At day 3 of the 
cidture, me total number of cells and the percentage of hemoglobm^ntainmg 
cells were determined (Table 2). The results indicated that both TEPA and 

Human mthfrid rf 11 niltnm; Normal human erythroid cells were grown 
accoidmg to the two-phase hquid culture procedure, essentially as described in 

^^ 23 - 26 - te *" M V***™* Wood mononuclear cells were 
mcubated in the presence of early growth factors for 5-7 days. In the second 
phase, these fectors were replaced by the erymroid specific 
proltferafcon/diffeiratiati^ * 
_ ™ e <^tureswere*uppl^ 
phase The total cell number and the percentage of hemoglobm-contaimng cells 
were determined after 14 days. The results (Figure $) showed thaTm the 
presence of TEPA there was a sharp decrease in hemc^obm-contamittg cells 
while the total number of cells decreased omy slightly. ■. 

. ^^ts^ggestthatTEPAinhi^ 
not sigmficautly affect me proliferation abw^ of me progem 

TABLE 2 

The effect of TEPA and captopril on growth and differentiation of 

erythroleukemia cells 



HMBA + TEPA 5 uM 
HMBA + TEPA 10 pM 
HMBA + TEPA 20 1 
HMBA + Captopril 20 uM 
HMBA + Caotoi3ril40i 



CellsAnI(xl04) 




35 
35 
47 
34 
34 



Benzidine Positive 
Cells 
<1 



24 
16 

M. 
29 

12 
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Murine eiytooleukeinia pells (MEL), were cultured in liquid medium 

*» dififerentiatian inducer - liexamemylen*^^ 
X^f^ 4 mM), with or without different concentrations of TEPA or captoprfl. 
On day 3, total cell number and hemoglobin containing (benzidine positive) cells 
were determined. ' 



O fotimtjatori railfmrcr Long term liquid cultures initiated with CJ>u+ 
cells were inaintain with different cocktails of cytokines. Half of me cuhures 
werecontfa^ fa order to test me status of cefl 

d^erenhatioA c^m preparation were stained with May^runwald Giemsa 
(Figures 6a-d). The results showed that cultures which were maintained for 4-5 
weeks without TEPA contained only fully differentiated cells, while with TEPA 
the ^culture* .chained, in addition to My differentiated cells, a subset of 10 % - 
40 % of undifferentiated blast-like cells. 

These results st^^ 

dirTerenhatron which results in prolonged proliferation and accumulation of earrv 

progenitor cells in i long-term ex vivo cultures. 
; TEPA's mechanim nfactMp; fa order to determine whether TEPA 

affects CD34+ cells via depletion of transition metals, such as Copper two 

approaches were taken. - 

The first was to assess the effect of different transition metal chelators: 
tetra-ethylpentatrune (TEPA), captopril (CAP) or penicflamine (PEN) The 
results demonstrated that all these compounds share the same effects on CD34+ 
cells as TEPA (Figure 7). 

The second approach was to supplement TEPA-treated cultures with 
Copper. The results indicated that TEPA activities were reversed by Copper 
(Figure 8), while supplementation with other ions, such as iron and selenium, did 
not (Figure 9), at least in the short to medium term cultures employed hereto 

Zinc, which is known to interfere with transition metal metabolism, e g 
with Copper metabolism, expand the clonabiHty of the cultures by itself. This 
effect was even more pronounced in me presence of bom Zmc and TEPA (Figu^ 

k*<^veexarr^^^ 
cultures with early-acting cytokines and the polyamine JL - 



t ^ ^ ~ poiyamine agent - 

tetoerhylenepentamine (TEPA), for example, it is possible to maintain long term 
cultures O^TC) without the support of stroma. Three phenomena were evident in 

™rfT/, ( ? Wmthm ° 8 °* V 0 ™**** ( 2 ) mansion of clonogenic cells 
(CFUc); and (ui) maintenance of cells at their undifferentiated status. 
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In contra^ eoatfol, TEPA^mtteated cultures ceased to proliferate and to 
generate CFUc and their cells underwent differentiation much earlier. 

Thus, TEPA and other transition metal chelators sustains long-term 
<nimires by iiu^itm^dela^ ceflu^ che ^ f 

transition metals, Copper in particular. 

. The following Example No* 3 iurraer substantiate the results described 

t"!*" ° PtimA C ° ndhi0M fOT cultures, teaches 

additional chelating agents that affect hemopoietic ccD dir^tiation and sheds 
more hght on the mecliahism of activity of TEPA and other chelators on their 



EXAMPLE 3 

CD34+ cells derived from human neonatal cord blood were purified by 
immunomagneticmethod and men Cultured in liqnid medium supplemented with 
cytokines either with or without transition metal chelators. At weekly intervals, 
the cultures were demi-depopulated by removing half % the culture extent 
(supernatant and cells) and replacing it with iresh niem^ cytokines and the 
chelators. At the indicated weeks the cellular content of the cultures were 
quoted for total cells (by a manual microscopic/hem^ memod) for 

CD34+ cells (by immuno-flow cytometry) and for clonogenic cells (by cloning 
the celb m cytoKne-supplemented semi-sohd me<iium). The cultures were 
mihatedwith 1x104 cells, 50-80% of which Were CD34+ and 25-50 % of which 
were CFUc The results presented in Figures 11 to 24 were calculated per 1x104 
initiating cells (the numbers were multipuWby the dihri^ 

Cultu^/i *TJ!* ° f WA °* CD34 cultures. 

CUtures initiated with CD34 cells in Hquid medium supplemented with early- 
acting cytokines (in the absence of stromal cells) could be maintained by TEPA 

with the cytokmes, maintenance and expansion of clonogenic cells (CFUcV The 

WJI^ *** 2,5X103 ^ ^ 6 weeks, 

TEPA-treated cultures contained 300x103 CFUc, (Lc, a 120-fold expansion 
while control cultures contained no CFUc. 

™, 12 * W Sh ° W ** **** ° f raPA 011 <** P^Hferation, CFUc and 

CFUc frequency in the presence of different combination of early cytokmes The 
combination of the early-acting cytokines TPO, SCF, FLT, IL-6 and TEPA was 
found to be the optimal combination for the maintenance and long term 
expansion of cells with clonogenic potential. 
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Figure 15 shows the effect of G-CSF and GM-CSF on CFUc frequency of 
control and TEPA-supptemented CD34 stares. Supplementing the cultures 
with the late-acting cytokines G-CSF and GM-CSF, which stimulate cell 
differentiation » reraIted » rapid loss of clonogenic cells. This differentiation 
' stimulatory effect is blocked by TBPA. 

Figures 16-17 show the effect of partial or complete medium + TEPA 
, change on long-term cell proliferation (Figure 16) and GFUc production (Figure 
:W The results obtained indicate mat for mamtaming maximal expansion, 
TBPA should be completely replaced, at least, at weekly intervals. 

Figure 19 shows the effect of delayed addition of TEPA on CFUc 
ftequency. It is evident that early exposure of CD34 cells to TBPA was crucial 
forJong-term maintenance and expansion of GFUc, suggesting that TBPA affects 
mflerentiation of progenitors at various stages of differentiation. 
„ Kgure 20 shows the effect of short-term preincubation with a single 
cytokine on long-term CFUc production. The results indicate that LTC-CFC are 
more preserved in TEPA-treated cultures when supplemented for the first 24 
hours with a single cytokine rather than the foil complement of cytokines, 
suggestagfcatimoV^ ~» 

Figures21a-b show the effect of potymiime chelatmg agents oh 
crttoes. Polyamhte chelating agents sustained cell proliferation and expanded 
GWc during long term cultures. Among the compounds tested, the long-chain 
polyamines, TEPA and PEHA, were found to be more effective man the short- 
cham polyamines. 

Figures 22a-b show the effect of transition metal chelating agents on 
CD34 cell cultures. Penicilamine (PEN) and captopril (CAP), which are known 
transition metal chelators, sustained cell proliferation and expansion of 
clonogenic cells during long-term cultures. 

. Figure 23a-b show the effect of Zinc on CD34 cell cultures. Zinc, which is 
known to interfere with transition metal metabolism, Copper in particular 
mimicked the effect of the chelating agents in long term cultures, but to a smaller 
extent man the chelators themselves. 

Thus, ex vivo expansion of hematopoietic progenitor cells is limited by the 
progression of these cells into non-dividing differentiated cells This 
differentiation process can be delayed by cultivating the progenitor cells on 
stroma cell layer. Since the stroma supports continuous cell proliferation and 
long-term generation of CFUc, it is believed that the stroma inflict an anti 
differentiation effect on the progenitor cells. 



WOM/40783 

PCI7US99/Q2664 



11). tt. M combi», STT rf^lT^T*" ° UltaB « 



GM-CSP (Figure IS). The chelatora inhMtSS ne ^!! C,, asG-CSF " nd 
•""Mot metals, Copper fa .Zfr '"to"**'" toTOgh ckebto, „ f 

may not be stable (Figure. 16-17). P ' ^A-Copper complex, 

eupplememedwifcTEPA floffl d^i^!^^^ * "n^ared to cultures 

WWIeoptimal results were obtained whi to./ „ 
»» *>™n<ageo«s to add a* ftn P 8 *™ 8 ^ « day ft 

TOPA-ueated culture* which iKSEI" f °" Vm. 

<*^*™ 3i .m^££*r~X' -*r*h only « 

^3) were rnahUamed longer wto^l^ ^ 

1 (Figure 20). We hypothesis «,»/ „ cytokines were added at 
cytokines and is *peu^^ T^ <Bffi,eM, ' a,ioB is 



chetae transition ffietab J ^Z^^' flms<,n<>, ™ 1 STBPA l oeffioie 01 ly 
novation. « tratescent tmdiffiiBntiated CD34 cells prior to 

mfferenntfon. Amo^ u^^ gme ^° B ° f ^ * *h^l 

toW to, peraefattae pSiZZ^JZf** "* "> * * 
mterfbre with u^ou J2 ^ZT" (CAP) (Fi8ures Ziuc which 
LTC-CFC (Figure* 23^7 ^ m abo supported 
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EXAMPLE 4 

According to another embodiment of the present A . 

P^ded a method of preservation of stem cells, Ih^^W^ 
blood derived stem cells, peripheral Wood derived steTcX l^nf^ 
dern^stemcelb.^ 

Cord blood-deqved cells woe coHeeted and stored Vimse™^ «• ,.. 
were dren separated using eidur-IO uM TOPA-PBS t^? 34 ^ 

oflOuMTEPA. wnncuiraresm the presence 

Tie results indicated mat cultures which were initiated with cell, tw 
handled in the presence of TO A expanded for T^J^!**?** 

It is well known that it takes usually at least sev^riT u 
conectionandeimerfreezin^ 

ttllcmanves > modifications and variations that foil ™a.- ^ 
spirit and broad scope of the appended claims. ^ Mwi&mthe 
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TOE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

proltftratmn, thereby « vivo expanding the popuhnioa of cells gW " 
selecJfi™ ° f Chim "* ^ delator is 

--Ha -ass 

^ylenepeneamine^orochWde J^I'T™^* 0 ™ 0 ' 1 * 

cyJL. T *- ** a * °^ c ' a ' m V wherein the ceils are provided wim 
^ The memod of Cain 3, wherein said cytokines are eariv acting 
5-^ The method of claim 4, wherein said early acting cytokines »„■ 

lb.' memod of claim 3, wherein ^ „ ^ 

m . , t me,hod of «lata 6, wherein said late acting cytokines *r* 
^ocytefaacroplMgecol^ 8 ' 

«■ The method of claim 1, wherein said cells ate selected fi™, «. 
consist of stem or progeria hematopoietic ^"p^l! 

" eUra ' CC " 5 ' stem « ohgodendrocvte cells, stem tpro^lt 

*«n or progeny hepatic ^ ^ or .J™^ 
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progenitor bone cells, stem or progenitor mesenchymal cells, stem or progenitor pancreatic 

t>r stroma cells. 



9.. The method of claim 8, wherein said cells are derived from a source selected 
5 from the group consisting of bone marrow, peripheral blood and neonatal umbilical cord blood. 

10. The method of claim 8, wherein said cells are enriched for hematopoietic CD^ 

cells. 
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11. The methodof claim 1, wherein said cells are selected from the group consistine 

w cells. 



15 



same 
a 
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12. A memcd of hematopoietic^ " 

(a) obtaining hematopoietic cells to be transplanted from a donor; 

(b) providing said cells ex vivo with conditions for cell proliferation and, at the 
time for reducing a capacity of said cells in utilizing copper, thereby expanding 
population of said cells, while at the same time, inhibiting differentiation of said 
cells; and 

(c) transplanting said cells to a patient 

13. The method of claim 12, wherein said donor and said patient are a single 
individual. 



14. The method of claim 12, wherein obtaining said hematopoietic cells is from 
25 source selected from the group consisting of peripheral blood, bone marrow and neonatal 

umbilical cord blood. 

15. The method of claim 14, wherem obtaining said hematopoietic cells further 
includes enriching said cells for stem cells. 

K) 

16. The method of claim 14, wherein obtaining said hematopoietic cells further 
includes enriching said cells for progenitor cells. 

17. A method of transducing stem cells with an exogene comprising the steps of: 
(a) obtaining stem cells to be transduced; 



a 
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(b) 



providing said cells ex vivo with conditions for cell proliferation and, at the same 
time, fere*icingacapa(%of saidce% 

expanding a population of said cells, while at the same time, inhibiting 
differentiation of said cells; and 



(c) . uausuuwug amu ceus witn me exogene. 
18. The method of claim 17, wherein transducing is effected by a vector including 



10 19. 



A method of adoptive immunotherapy comprising the steps oft 

(a) obtaining progenitor hematopoietic cells from a patient; 

(b) providing said cells ex vivo with conditions for cell proliferation and, at the _ 
time for reducing a capacity of said cetism utilizing copper chelator, tiiereby 

! e ^^*P°P ul ^tfsaidcel^ 
\ 15 differentiation of said cells; and 



same 



;< 20. Amerapeutical^vrvocmturedceUpreparationcom^ 

. progenitor cells propagated in presence of a copper chelator thereby expanding apopulation of 

-20 said cells, while at the same time, inhibiting differentiation of said cells. 

[\ 21. A method of preservation of stem cells comprising the step of handling the stem 

,; m * *"* ° ne of * e I**? 3 ■*«** from the group consisting of harvesting, isolation and 

storage, in a presence of a copper chelator so as to inhibit cell differentiation. 
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22. A collection bag designed and configured for collecting stem cells, the collection 
bag being supplemented with an effective amount or concentration ofa copper chelator so as to 
inhibit cell differentiation of stem ceUs collected therein. 
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23. An expanded stem cell population expanded ex-vtvo in a culture medium 
containing at least one copper chelator in an amount for permitting stem cells of said cell 
population to proliferate and, at the same time, for reducing a capacity of said stem cells 
to differentiate, said stem cells are hence expanded yet not further differentiated as 
compared to ex-vtvo seeded stem cells from which said cell population developed 

24. The stem cell population of claim 23, in said medium. 

25. The stem cell population of claim 23, isolated from said medium. 

26. A pharmaceutical composition comprising the stem cell population of claim 

23. 

27. A pharmaceutical composition comprising the stem cell population of claim 

25. 

2». The stem cell population of claim 23, wherein said seeded stem cells are 
hematopoietic stem cells! 

29. The stem cell population of claim 28, wherein said hematopoietic stem cells 
are from a source selected from the group consisting of peripheral blood, bone marrow and 
neonatal umbilical cord blood. 

30. The stem cell population of claim 23, wherein said seeded stem cells are 
enriched for hematopoietic CD34+ cells. 

31. The stem cell population of claim 23, wherein said seeded stem cells are of a 
source selected from the group consisting of hematopoietic cells, neural cells and 
oligodendrocyte cells, skin cells, hepatic cells, muscle cells, bone cells, mesenchymal cells, 
pancreatic cells, chondrocytes and stroma cells. 

32. The stem cell population of claim 23, wherein said copper chelator is 
selected from the group consisting of polyamine chelating agents, ethylendiamine, 
diethylenetriamine, triefoylenetetramine, triethylenediamine, tetraethylenepentamine, 
aniinoethylethanolamine, aminoethylpiperazine, pentaethylenehexamine,' 
triethylenetetramke-hydiochloride, tetraethylenepentamine-hydrochloride, 



Ma 
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41. Themethod of claim 4* wherein said cytokines are early acting cytokines. 
. ^42. The method of claim 41, wherein said early acting cytokines are selected 

43. The method of clafa 40, 

44. The method of claim 42, wherein said late acting cytokines are selected from 

clr^T^^^ ^ulocyto/macrophage 
colony stimulating factor and erythropoietin. 

45. The method of claim 38, wherein said stem cells am of a source selected 
from the group consisting of hematopoietic cells, neural cells and oligodendrocyte cells 
skm ceils, hepatic cells, muscle cells, bone cells, mesenchymal cells, pancreatic cells' 
chondrocytes and stroma cells: 

46. The method of claim 45, wherein said stem cells are derived from a source 
selected from the group consisting of bone marrow, peripheral blood and neonatal 
umbilical cord blood. 



48. 
(a) 



A method of genetically modifying stem cells with an exogene comprising: 
obtaining stem cells to be genetically modified; 
(b) providing the stem cells ex-vivo with conditions for cell proliferation and 
with at least one copper chelator in an amount and for a time period for 
permitting the stem cells to proliferate and, at the same time, for reducing a 
capacity of the stem cells to differentiate, thereby obtaining an expanded 
stem cell population; and 

.(c) genetically modifying cells of said expanded stem cell population with the 
exogene. 
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pentaefctfcm^^ tehaemylpenlamine, captoprfl, penicilaniine and 

transition metal binding peptides. 

33. The stem eel! population of claim 23, wherein said culture medium 
comprises nutrients and cytokines. 

34. The stem cell population of claim 33, wherein said cytokines are early actina 
cytokines. . 

35. The stem cell population of claim 34, wherein said early acting cytokines are 
selected from the group consisting of stem ceil factor, FLT3 ligand, taterieukin-6, 
thrombopoietin and interIeukin-3. 

36. The stem ceU population of claim 33, wherein said cytokines are late acting 
cytokines. 6 

37. The stem cell population of claim 36, wherein said late acting cytokines 
are selected from the group consisting of granulocyte colony stimulating factor, 
granulocyte/macrophage colony stimulating factor and erythropoietin. 

38. A method of ex-vivo expanding a population of stem cells, while at the same 
time inhibiting differentiation of the stem cells, the method comprising providing the stem 
cells ex-vivo with conditions for cell proliferation and with at least one copper chelator in 
an amount and for a time period for permitting the stem cells to proliferate and, at the same 
time, for reducing a capacity of the stem cells to differentiate. 

39. The method Of claim 38, wherein said copper chelator is selected from the 
group consisting of polyamine chelating agents, ethylendiamine, diethylenetriamine, 
triethylenetetramine, triethylenediamine, tetraethylenepentamine, amta^ylethanolamine,' 
aminoethylpiperazine, pentaethylenehexamine, triemylenetetramine-hyarochloride,' 
tetraethylenepentamme-hydrochloride, 

pentaethylenehexamine-hydrochloride, tetraethylpentamine, captopril, penicilamine and 
transition metal binding peptides. 



40. The method of claim 38, wherein providing the cells with said conditions for 
proliferation include.providing the cells with nutrients and with cytokines. 
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49. The method of claim 48, wherein genetically modifymg is effected by a 
vector including the expgene. 
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